Objective: Loss of resistance technique has been performed to identify the epidural space. However, this technique has some disadvantages including frequent lack of midline ligamentum flavum, erroneous subjective sensing, and higher failure rate. The aims of this study were to identify the optimal negative pressure representing the epidural space and to evaluate the efficacy of an epidural pressure checker to detect the epidural space. Methods: Ninety-six patients who received a trans-laminar epidural block in the spine at our institute were enrolled. Half of them received a cervical epidural block (cervical group) and the other half received a lumbar epidural block (lumbar group). Patients were randomly assigned to one of the set pressure groups (-8, -7, -6, -5, -4, -3 mbar). When the needle penetrated the ligamentum flavum, the epidural pressure checker detected negative pressure at the epidural space and alarmed with sound and light if the pressure detected was below the set pressure. Results: In the cervical group, detection rates were 62.5%, 75%, 75% at set pressure values of -8, -7, -6 mbar, respectively, and 87.5% at -5 mbar. In the lumbar group, rates were 50%, 62.5%, 62.5% at set pressure values of -8, -7, -6 mbar, respectively, and 87.5% at -5 mbar. False positives were frequent below a set pressure of -4 mbar. Conclusion: The optimal pressure value to detect the epidural space was -5 mbar. The epidural pressure checker may be a reliable, easy and useful tool to aid in the administration of a trans-laminar epidural block.
INTRODUCTION
Lower back pain (LBP) is one of the most common diseases in adults. The cumulative lifetime prevalence of LBP lasting at least two weeks is 13.8-30% 1, 2, 4) . In addition, 70-85% of all people have back pain at some time in their life 1) . Posterior axial neck pain is also common and the average annual incidence rate for cervical radiculopathy is 83.2 per 100000 13) . An epidural block is an interventional pain management procedure used to treat spinal pain. This procedure was introduced in 1952 by Robecchiet al. and its usefulness has been reported by many previous investigators 5, 10, 14) . Definitive identification of the epidural space is essential for achieving a successful epidural block. The loss of resistance (LOR) technique, the most commonly used method to identify the epidural space, was introduced by Sicard and Forestier in 1921 16) . This procedure is conducted by applying pressure to the plunger using one's thumb. However, this method has some disadvantages. A clear loss of resistance may not be felt in patients with an abnormal ligamentumflavum 9) . In addition, Zarzuret al. reported that there is no naturally occurring negative pressure that leads to a loss of resistance in the epidural space 21) . These limitations may result in unintended puncture of the dura, spinal cord injury or epi/subdural hematoma 12, 17) . A dural puncture and leakage of cerebrospinal fluid (CSF) are the most common complications of an epidural block 3) . It can cause a post-dural puncture headache, requiring that the patient be treated with bed rest, fluid therapy and hospitalization 8) .
In order to avoid these complications and enhance the safety and accuracy of this procedure, an epidural pressure checker (Epi-check, Silimed, Bucheon, Korea) was designed. The aim of this study was to identify the optimal negative pressure representing the epidural space in both the cervical and lumbar spine and to evaluate the accuracy of Epidural pressure checker 
MATERIALS AND METHODS
Institutional review board approval was obtained before initiating this study. From October 2013 to October 2014, 96 patients who underwent trans-laminar epidural blockade of the cervical or lumbar spine at our institute were enrolled. Half of the enrolled patients (48 patients) received a cervical epidural block (cervical group) and the remaining half (48 patients) received a lumbar epidural block (lumbar group). All patients complained of axial pain with/without radiating pain in their extremities and showed mild to moderate degenerative spondylosis of their spine on MRI. All enrolled patients had spinal pain refractory to conservative therapy, which included medications and/or physical therapy for the first four to six weeks. We excluded patients taking Coumadin and those with systemic disease, severe obesity (body mass index >35 kg/m 2 ) or infection.
Epidural pressure checker
The epidural pressure checker was designed to detect the epidural space exactly by perceiving the pressure shift to a negative value. This device is composed of a printed circuit board (PCB) containing a micro-electro mechanical system (MEM) pressure sensor and polycarbonate spouting that connects to a Tuohy needle (Fig. 1) . The allowable error of the device ranges was from -0.5 mbar to +0.5 mbar. When a Tuohy needle connected to the epidural pressure checker penetrates the ligamentum flavum and encounters the epidural space, the negative pressure of the epidural space is transferred to the epidural pressure checker via the inner cannula of the needle. The epidural pressure checker then perceives the negative pressure with a pre-set pressure threshold and alarms with sound and light. The concept underlying the design of this device is that a specific area of the human body exists as a vacuum with no pressure shift such that the digital sensor recognizes the pressure shift between the ligamentum flavum and the epidural space.
Trans-laminar epidural block
Blood pressure, cardiac activity (EKG), oxygen saturation and pulse rate were monitored during the procedure. Patients were placed in a prone position on the table and their skin was prepared in a normal manner. All procedure was undergone with prone position in both cervical and lumbar epidural block. Because the sitting or lateral decubitus position can affect the epidural pressure, we decided that all procedure was undergone in same position. A 20 G, 10-cm-long Tuohy needle was introduced within the midline at the level of the interspinous ligament under C-arm fluoroscopy guidance. Once the needle tip met the spinous-laminar line, the trocar was removed and the epidural pressure checker was connected (Fig. 2) . The Tuohy needle was advanced slightly and the epidural pressure checker detected a pressure drop based on preset values of -8 mbar to -3 mbar. It alarmed with sound and lights when the pressure dropped under the pre-set pressure value. Once the epidural pressure checker alarmed, we injected 3 mL of Omnipaque 300 (GE healthcare AS, Ireland) through the needle to confirm the needle was in the epidural space under C-arm fluoroscopy. If the epidural pressure checker did not alarm, but the needle tip was found to be located in the dorsal epidural space on lateral view under C-arm fluoroscopy, we injected the 3 mL of Omnipaque 300. If the epidural pressure checker alarmed before reaching the epidural space, the case was designated as a false positive. Eight patients were randomly assigned to each set pressure value from -8 mbar to -3 mbar with a 1 mbar interval. Therefore, 48 patients underwent cervical epidural blockade and the remaining 48 patients underwent lumbar epidural blockade with the Epi-check.
RESULTS
The mean patient age was 56.1±13.7 years and the gender ratio did not show significant difference in each group (p value 0.543 and 0.957). There were a similar number of cervical and lumbar cases (Table 1 ). In the cervical group, the detection rates (sensitivity) were 62.5%, 75%, and 75% at -8 mbar, -7 mbar, 
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and -6 mbar, respectively, and 87.5% at -5 mbar. However, the epidural pressure checker showed false positives at both -4 mbar and -3 mbar. False positives did not occur when the set value was greater than -4 mbar (Fig. 3) . Similar to the cervical group, the detection rates were 50%, 62.5%, and 62.5% at -8 mbar, -7 mbar, and -6 mbar, respectively, and 87.5% at -5 mbar in the lumbar group. In addition, there were false positives at both -4 mbar, and -3 mbar (Table 2 ). There were no cases of dural puncture or CSF leakage with the epidural pressure checker.
DISCUSSION
Inter-laminar epidural blockade is a widely performed procedure to treat patients with spinal axial pain. The LOR technique is most commonly used to detect the epidural space 11) . However, this technique has some disadvantages and potential complications such as dural puncture, epidural hematoma and potentially higher failure rates with inexperienced physicians. To overcome these problems, several authors proposed modified techniques. Sawada et al. proposed that Epidrum ® is useful for epidural anesthesia. It is a device that can alarm the physician on entry into the epidural space by collapse of the diaphragm, and they insisted that this device can reduce the time required for successful epidural detection 15) . Todorov et al. reported that the hanging drop technique is also a feasible alternative that relies on the aspiration of fluid at the needle hub as the pressure at the needle tip decreases below the atmospheric pressure 18) . This procedure relies on the presence of sub-atmospheric epidural pressure, which is very similar to the epi-check. Both work by detecting the negative pressure shift in the Tuohy needle cavity once the needle tip penetrates the ligamentum flavum. In addition, Todorov et al. reported that the time required was significantly shorter than that for the conventional LOR technique. Although we did not measure the exact time required to administer an epidural block with the Epi-check, we also noticed the time required seemed shorter than the conventional method.
In this study, we confirmed that the optimal pressure at which to detect the epidural space is -5 mbar. The epidural pressure checker set at -5 mbar pressure achieved an 87.5% success rate in epidural space detection. A previous study reported that the entering pressure of the epidural space ranged from -1 to -7 cmH2O 19) , and Usubiaga et al. found that cervical epidural space pressure ranged from -2 to -6 cmH2O and lumbar epidural space pressure from -1 to -6 cmH2O 20) . Notably, all of these ranges contain our value of -5 mbar. However, the positive result of the Epi-check may not indicate the "real" epidural negative pressure. Zarzuret al. reported that there is no real negative pressure in the lumbar epidural space and they insisted that it is an artifact resulting from bulging of the ligamentum flavum 21) . They described that prompt restoration of the ligamentum flavum after penetration of the needle tip induces the negative pressure, and the mean value of the negative pressure was -0.4 kPa-similar to our finding for -5 mbar. Gil and Todorovet al. insisted that the epidural pressure is more negative in the sitting position than in the lateral decubitus 7, 18) . Therefore, the sitting position rather than decubitus position will likely increase the rate of epidural space detection.
The conventional LOR technique requires a heavy glass syringe and completely depends on one's own subjective feeling. This is a disadvantage in the hands of inexperienced physicians or residents and sometimes results in complications such as dural puncture, epidural hematoma or muscle origin pain, as well as long procedural time. Among them, the dural puncture is most common. It can lead to intractable headaches following CSF leakage and traction of the meninges 6) . In this study, the Epi-check helped prevent dural puncture and it was light and easy There are some limitations to the present study, including the small number of enrolled patients. Although 96 total patients were enrolled, there were only 16 for whom the pre-set pressure threshold was -5 mbar. We found that the optimal pressure threshold for detecting the epidural space was -5 mbar in the present study; therefore further investigations should focus on this pressure value to enhance the accuracy. The allowable electronic error of the device is also a limitation. The range of allowable error was -0.5 mbar to +0.5 mbar. Therefore, -5 mbar could potentially become -4 or -6 mbar in a larger cohort study. The basic assumption of the present study was that there is a pressure change when the ligamentum flavum is penetrated by the needle tip. Therefore, the epidural pressure checker might not detect a pressure change in patients with weak or absent ligamentum flavum.
CONCLUSION
The optimal pressure for detecting the epidural space was -5 mbar in this study. The Epidural pressure checker is reliable, simple, and easy. It alarms upon entry into the epidural space by perceiving a pressure change and is therefore useful in administering a gentle trans-laminar epidural block as well as being safe for training inexperienced physicians. However, this device can result in false negatives or false positives in patients with an abnormal or absent ligamentum flavum. Therefore, physicians should use this device as a supplemental tool.
